INTRODUCTION
The aim of electric industry restructuring is to promote competitive markets for electric power trading. Under new environment, the main consequence of the nondiscriminatory open-access requirement is the substantial increase in power transfers. The Available Transfer Capability (ATC) of a transmission network is the unutilized transfer capabilities of a transmission network for the transfer of power for further commercial activity, over and above already committed usage. Adequate Available Transfer Capacity (AATC) is needed to ensure all economic transactions, while sufficient ATC is needed to facilitate electricity market liquidity. It is necessary to maintain economical and secure operation over a wide range of system operating conditions and constraints. However, tight restrictions in the construction of new facilities due to the economic, environmental, and social problems, reduces the operational alternatives. It may sometimes lead to a situation that the existing transmission facilities are intensively used. On the other hand it can be said that power suppliers will benefit from more market opportunities with reduced possibility of congestion incorporating power systems security enhancement. Maximum use of existing transmission assets will be more profitable for transmission system owners and customers will receive better services with reduced prices [1] .
Based upon the NERC's definition of ATC and its determination [2] , transmission network can be restricted by thermal, voltage and stability limits. On the other hand, it is highly recognized that, with the capability of flexible power flow [3] , FACTS technology has introduced a severe impact to the transmission system utilization with regards to those three constraints. From the steady state power flow viewpoint, networks do not normally share power in proportion to their ratings, where in most situations, voltage profile cannot be smooth. Therefore, ATC values are always limited by heavily loaded buses with relatively low voltage.
FACTS concept makes it possible to use circuit reactance, voltage magnitude, and phase angle as controls to redistribute line flow and regulate voltage profile. Theoretically FACTS devices can offer an effective and promising alternative to conventional methods of ATC enhancement. They will provide new control facilities, both in steady state power flow control and dynamic stability control [4] . Controlling power flow in electric power systems without generation rescheduling or topological changes can improve the network performance considerably. In this paper, with suitable location, the effect of a TCSC and SVC on the ATC enhancement are studied and demonstrated through case studies. It is to be shown that, installing SVC in the proper location will improve voltage profile as well as ATC, and TCSC will improve the ATC by reducing transmission congestion.
EVALUATION OF ATC
For ATC determination the MW flows must be allocated to each line or group of lines in proportion to the MWs being transmitted by each transaction. This is accomplished through the use of the linear Power Transfer Distribution Factors (PTDF) [5, 6] . A transaction is defined by a 4 tipple (t, i, j, P t ) where t is the transaction number, i and j are the source and sink nodes and P t is the MWs transacted. The change in flow for an arbitrary line l-m can be evaluated by sensitivity analysis as follows. where is the PTDF for line lm due to transaction ij, is the base case flow on the line, and is the magnitude of the proposed transfer. If the limit on line lm, the maximum power that can be transferred without overloading line lm, is then is the maximum allowable transaction from node i to node j constrained by line from node l to node m. ATC is the minimum of the maximum allowable transactions over all lines.
MODELING OF TCSC & SVC 3.1 TCSC
Transmission lines are represented by lumped π equivalent parameters. The series compensator TCSC is simply a static capacitor/reactor with impedance jXc [7] . Fig. 1 shows a transmission line incorporating a TCSC. where X ij is the reactance of the line, R ij is the resistance of the line, B io and B jo are the half-line charging susceptance of the line at bus-i and bus-j. The difference between the line susceptance before and after the addition of TCSC can be expressed as:
After adding TCSC in the line between bus i and bus j of a general power system, the new system admittance matrix Y' bus can be updated as
SVC
The Shunt Compensator SVC is simply considered as a static capacitor/reactor with susceptance B svc. Fig.2 shows the equivalent circuit of the SVC can be modeled as a shuntconnected variable susceptance B svc at bus-i.
Fig 2: Variable shunt susceptance
The reactive power injected into the bus due to SVC can be expressed as where is the voltage magnitude of the bus at which the SVC is connected. After adding SVC at bus-i of a general power system, the new system admittance matrix Y' bus can be updated as
IMPLEMENTATION OF RGA
In this paper, Real code Genetic Algorithm is used. Compared with binary GA, it offers higher accuracy of the control variables. The method can be summarized in following three steps. The detailed description can be found in [8] .
Predictor
Given an initial operating point, the next point in system variables is found by choosing the tangent to the system trajectory and a step length.
Corrector
Using the solution of the above step as the starting point, intersection between the perpendicular plane to the tangent vector and the systems solution trajectory is found.
Parameterization
Checking the relative change in all the system variables, the appropriate parameter is selected.
When TCSC is incorporated in the system, if we consider all lines of the IEEE24-Bus Reliable Test System, there are 38 possible locations for the TCSC. The location code region are set as 38 integers as 1 to 38. The amount of compensation offered by TCSC is 0 to 40% (K d ). And when one SVC is incorporated in the system, if we consider all buses of system, there are 24 possible locations for the SVC. The location code region are set as 24 integers as 1 to 24. The amount of compensation offered by SVC is 0 to 0.1 (p.u) i.e., B svc .
In this work, ACPTDF are used to determine the amount of ATC, which satisfies the line thermal limits and bus voltage magnitude limits. For a specific source/sink transfer case, the steps for calculating the ATC may be summarized as: 
RESULTS
Determination of ATC with Real Coded Genetic Algorithm is tested on the IEEE-24 bus system. With the implementation of RGA, the optimal location of TCSC/SVC and their compensation levels are determined. AC Power Transfer Distribution Factors (ACPTDF) are used to calculate ATC value with and without contingencies for a set of source/sink transfer. The ATC values obtained for different transactions and their enhanced values with TCSC and SVC devices are presented in Tables 1 and 2 respectively. Due to the system limits it is very difficult to find a base case that is reliable under all line contingencies, only one of the credible line contingency results are presented Table 3 . Tables 3 and 4 respectively. From Table I , II, III and IV, it can be concluded that for a specific transaction between source bus to sink bus, the ATC value is limited by Maximum MW flow constraint for a line, if the system is incorporated with TCSC. Minimum voltage constraint for a bus, if the system is incorporated with SVC. The enhanced ATC values are dependent on the type of FACTS device used and its location as well as compensation value. The system operating condition, i.e. normal or with outage condition. 
CONCLUSIONS
Implementation of the Real code Genetic Algorithm has performed well when it is used to determine the location and compensation level of TCSC or SVC with the aim of maximizing the Available Transfer Capability. From the results, it is shown that installing SVC as a FACTS device will improve voltage profile as well as resulting ATC enhancement, where as TCSC can improve ATC in both thermal dominant case and voltage dominant case. Finally, it is clearly shows from the results that TCSC is more effective than SVC in improving ATC under both normal and contingency conditions.
